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1 Application for patent filed Cctober 8, 1996, entitled
"Met hod and Apparatus for Real -Tinme Determ nation and
Application of Nitrogen Fertilizer Using Rapid,
Non- Destructive Crop Canopy Measurenents,” which is a
continuation-in-part of Application 08/410,783, filed Mrch
24, 1995, now abandoned.
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This is a decision on appeal under 35 U.S.C. § 134 from
the final rejection of clains 1-4, 6, 7, 9, 10, 12, 13, and
17-21. Cdainms 5, 8, 11, 14, 22, and 23 stand allowed. In the
exam ner's answer (Paper No. 22), page 2, claim14 is all owed
and clainms 15 and 16 are noted to contain all owabl e subject
matter.

W affirm

BACKGROUND

The invention relates to a nmethod and apparatus for the
real -tinme determ nation and application of optimm anounts of
fertilizer to a crop. A physical attribute related to the
fertilizer requirenment of the crop is sensed and used to
control the fertilizer application. The fertilizer
application may be controlled by conparing a sensed physical
characteristic of a reference area of the crop that is known
to have sufficient fertilizer with a non-reference area of the
crop.

Claim1l is reproduced bel ow.

1. A nmethod for controlling the application of
fertilizer to a crop having a physical attribute related

to the fertilizer requirement of said crop, conprising
the steps of:
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(a)

(b)

(c)

(d)

provi ding a sensor which is responsive to at
| east one characteristic of said crop;

nmeasuring said at | east one characteristic of
said crop

determ ning at | east one physical attribute of
said crop fromsaid neasurenent of a
characteristic; and

controlling fertilizer application to said crop
inreal-time in response to said physica
attribute.
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THE PRI OR ART

The Exam ner relies on follow ng references:

Wl fe, Jr. 4,662, 563 May 5, 1987
Monson 5, 355, 815 Cct ober 18, 1994

Todd A. Peterson, Tracy M Bl ackner, Dennis D. Francis,
and Janes S. Schepers, Using a Chlorophyll Meter to

| nprove N Managenent, NebCGui de (83-1171-A, published by
Cooperative Extension, Institute of Agriculture and

Nat ural Resources, University of Nebraska-Lincoln, July
1993 (hereinafter "Peterson").

T.H Denetriades-Shah and M N. Court, Qbligue view

refl ectance for assessing nitrogen status of inconplete
canopies, Int. J. Renote Sensing, 1987, Vol. 8, No. 7,
pp. 1049-1055 (hereinafter "Denetriades-Shah").

Wl fe discloses a center pivot irrigation systemwth a
controller for automatically starting and stopping the
irrigation system based on the sensed noisture | evel of the
soil (abstract).

Monson discloses a real-tinme (on-line) systemfor
controlling fertilizer application froma tractor. The system
i ncludes a soil analyzer 28 capable of analyzing soil for
chem cal content (e.g., nitrogen, phosphorus, and potassiun
and soil type (e.g., clay, sand, or silt) inreal tinme and an
expert system 30 that determ nes a soil prescription and

instructs control application system 22 to dispense a blend of
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fertilizers at a rate dependi ng upon the determ ned soi

chem cal conposition. Mnson does not disclose real-tine
application of fertilizer based on a physical characteristic
of the crop.

Pet erson di scl oses use of a hand-hel d chl orophyl| neter
to nmeasure portions of |leaves in the field as a tool to
detecting nitrogen deficiency and determ ning the need for
additional nitrogen fertilizer. The neter is an alternative
to soil testing (first page). Peterson discloses that there
is a close Iink between | eaf chlorophyll and nitrogen content
(first page). Peterson teaches using reference strips (strips
inthe field that are adequately fertilized with sufficient
| evel s of nitrogen fertilizer so they do not exhibit nitrogen
deficiency) to calibrate the chlorophyll neter for each field,
previ ous crop, hybrid, fertilizer and/or manure application,
and differing soil types (under "Establishing Reference
Strips" and Fig. 3). "By conparing the average chl orophyl |
meter readings fromthe reference strips to those fromthe
rest of the field, N sufficiency and the need for additional N
supplied through fertigation can be determ ned." (Under

"Establishing Reference Strips.") The recomended neasurenent
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t echni que conpares neter readings fromthe reference strip and
the bulk field at a mninmum of three locations in each field
and, at each location, the average reading of 30 plants from
the reference area and the adjacent bulk field should be
conpared (under "How to sanple"). Because chlorophyll neter
readings vary with the tinme of day, readings fromthe
reference strip and the bulk field should be taken at about
the sane tinme (id.). Peterson forecasts that "[p]otential
uses of these techniques in the future may include renote
sensing by satellite or airplane to schedule the need for
additional fertilizer N' (under "The chlorophyll neter as an N
managenment tool ").

Denet ri ades- Shah di scl oses an experinment to determne if
a change in crop color due to nitrogen stress (lack of
nitrogen) can be assessed in ternms of |eaf chlorophyll
concentrations using crop refl ectance neasurenents.
Denet ri ades- Shah di scl oses that "l eaf chlorophyll
concentration assessed on a plant weight basis is strongly
i nfluenced by the nutrient status of the soil and by the
grow h stage of the crop, rising after germnation and then

declining as crop growth rate increases" (pp. 1049-50).
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Denet ri ades- Shah conpares neasurenents of crop refl ectances
taken froma conventional nadir view (vertically downward

| ooki ng) agai nst reflectances taken at an oblique angle.
Canopy refl ectance froma downward view i ncludes the influence
of soil visible between the plants and is primarily sensitive
to the relative anounts of soil and green vegetation in its
field of view rather than the greenness of canopy | eaves

(p. 1055). There is a strong correlation between refl ectance
measur enents and chl orophyl|l content per unit ground area, but
poor correl ation between refl ectance neasurenents and

chl orophyl | per unit plant weight for downward-| ooking
measurenents (p. 1051). Denetri ades-Shah concl udes "t hat

pl ant chl orophyl|l concentration is better predicted from

obl i que-1 ooking refl ectance neasurenents than fromvertically
downwar d- | ooki ng nmeasur enents, because the influence of soi

reflectance is renoved" (p. 1055).

THE REJECTI ONS

Clainms 1, 3, 7, 9, 13, and 17-21 stand rejected under
35 U.S.C. §8 103(a) as being unpatentable over Monson,

Denetri ades- Shah, and Pet erson.
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Clainms 2, 4, 6, 10, and 12 stand rejected under 35 U. S. C
8 103(a) as being unpatentabl e over Monson, Denetri ades- Shah,
and Peterson, further in view of Wlfe.?

We refer to the final rejection (Paper No. 12) and the
exam ner's answer (Paper No. 22) for a statenment of the
Exam ner's position, and to the appeal brief (Paper No. 21)
(pages referred to as "Br__") for a statenment of Appellants’

argunent s thereagai nst.

CPI NI ON
Caiml
The test for obviousness is what the conbi ned teachings
of the references woul d have suggested to those of ordinary

skill in the art. In re Keller, 642 F.2d 413, 425,

208 USPQ 871, 881 (CCPA 1981). Mnson discloses a "real-tine"
fertilization systemin which fertilizer is dispensed in real
time in response to the neasured conposition of the soil.
"Real tinme" is interpreted to nean that the fertilizer is
applied at a certain location at approxinmately at the sane

time as the measured need for fertilizer at that | ocati on.

2 The statenment of the rejection in the examner's
answer, page 4, incorrectly includes allowed claim11.

- 8 -
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The difference between Monson and the subject matter of
claim1l is that Monson neasures physical characteristics of
the soil, not a characteristic of the crop, as clained.

Pet erson teaches the cl ai med subject matter of independent
method clains 1 and 3 except for controlling fertilizer
application "in real-tine." The hand-held chl orophyll neter
in Peterson is not suitable for a continuous real-tine
(on-line) fertilizer application nethod or apparatus and, so,
woul d not constitute the "neans for measuring” of claim9.
Pet erson di scl oses that the hand-held chlorophyll meter for
measuring a crop characteristic (the chlorophyll content) is a
substitute for soil analysis (first page); thus, Peterson
suggest ed neasuring the physical characteristics of a crop,
instead of the soil as in Mnson, to determne fertilizer
requi renents. Peterson further discloses that future

t echni ques woul d include renpte sensing by satellite or

ai rplane in place of the hand-held neter (under "The

chl orophyl|l neter as an N managenent tool"); thus, Peterson
suggested using renote sensing of crop physical
characteristics in place of the hand-held neter and in place

of soil analysis. Denetriades-Shah teaches renote sensing of
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chl orophyl | concentration by reflectance neasurenents and t hat
chl orophyl | concentration is directly related to nitrogen
fertilizer requirenments of the crop. One of ordinary skill in
the art would have been notivated to substitute a reflectance
measur enent sensor, either vertically or obliquely nounted, as
taught in Denetriades-Shah for the soil neasurenent sensor in
the real -tinme system of Monson because: (1) it was a known
alternative way to determne fertilizer requirenents;

(2) Peterson suggested renpte sensing in place of soil testing
to determine fertilizer requirenments and Denetri ades- Shah was
one known type of renpote sensor for determning fertilizer
requirenents; and (3) there is a direct correl ati on between

t he neasured chl orophyll (nitrogen) content of the crop and
the fertilization requirements of the crop in Denetriades-Shah
and Peterson, whereas there is only an indirect correlation
bet ween the nitrogen content of the soil and the fertilization
requi renents of the crop in Monson. |In the absence of
persuasi ve argunents to the contrary, the conbi nation of

references is sufficient to establish a prima facie case of

obvi ousness.
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Next, we determ ne whet her Appellants' argunents

denonstrate insufficient evidence of prinma facie obvi ousness.

See In re Rouffet, 149 F.3d 1350, 1355, 47 USPQR2d 1453, 1455

(Fed. Cir. 1998) ("On appeal to the Board, an applicant can
overcome a rejection by showi ng insufficient evidence of prina

faci e obviousness or by rebutting the prima facie case with

evi dence of secondary indicia of nonobvi ousness.").

Qur discussion of the clainms is limted to the argunents
in the brief. Under U S. Patent and Trademark O fice rules,
Appel lants' brief is required to specify the particul ar
l[imtations in the rejected clainms which are not described in
the prior art or rendered obvious over the prior art. See 37

CFR 8 1.192(c)(8)(iv) (1997). C. In re Baxter Travenol

Labs., 952 F.2d 388, 391, 21 USPQ@d 1281, 1285 (Fed. Cr
1991) ("It is not the function of this court to exam ne the
clainms in greater detail than argued by an appellant, | ooking
for nonobvi ous distinctions over the prior art.");

In re Wechert, 370 F.2d 927, 936, 152 USPQ 247, 254 ( CCPA

1967) ("This court has uniformy followed the sound rule that

an i ssue rai sed below which is not arqued in this court, even

if it has been properly brought here by a reason of appeal, is

- 11 -
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regarded as abandoned and will not be considered. It is our
function as a court to decide disputed issues, not to create

them"); In re Wsenan, 596 F.2d 1019, 1022, 201 USPQ 658, 661

(CCPA 1979) (argunents nust first be presented to the Board
before they can be argued on appeal).

Appel  ants argue that Monson senses the characteristics
of the earth and is not concerned with nmeasuring
characteristics of plants. It is argued that Mnson
apparently does not appreciate that soil neasurenents cannot
accommodat e the different anounts of nitrogen needed at
different tines of the year and under different environnental
conditions (Brl14-15; Br15-16).

One cannot show nonobvi ousness by attacking the
references individually where the rejection is based on a
conbi nation of references. Keller, 642 F.2d at 426,

208 USPQ at 882. Wiile it is true that Monson only teaches
sensing soil characteristics, it is Denetriades-Shah and
Peterson that are relied on to show neasurenent of a physica

characteristic of a crop
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Appel I ants argue that Denetriades- Shah does not suggest
using radi ation and sensing of reflection in an on-line system
such as that taught by Mnson even in view of Peterson (Brl5).

Denetri ades- Shah teaches nmeasurenent of a characteristic
of the crop, its reflectance, which characteristic is directly
related to chlorophyll concentration, which, in turn, is
directly related to nitrogen requirenents of the crop. One of
ordinary skill in the sensing art would have had sufficient
skill to appreciate that the refl ectance neasurenents and
cal cul ations in Denetriades-Shah can be done in real tine
because they are simlar in nature to the spectrographic
anal ysis in Mnson, unlike the hand-held neter in Peterson and
unli ke chem cal assaying of plant nitrogen status. One of
ordinary skill in the art would have been notivated to apply
remote sensing in areal-tine fertilization systemin view of
Monson. Denetriades- Shah and Peterson provide the notivation
to use renote sensing of physical characteristics of the crop,
instead of the soil, to determne fertilizer requirenents.

Appel l ants argue that "Denetriades-Shah, et al., teaches
away fromthe necessary reflectance neasurenent in which the

light is reflected down and then upwardly by referring to

- 138 -
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obl i que neasurenents to avoid interference with background”
(Br15). It is also argued that "[t] he oblique neasurenent
system of Denetriades-Shah, et al., requires separated sources
of light and detector devices not indicative of the current
systent (Br16).

None of the clains on appeal recite a specific sensor,
much | ess a sensor that uses downward radi ation and reflection
of upward waves. Nor do the clains recite neasuring a
specific characteristic which mght indirectly limt the type
of sensor; e.g., neasurenent of plant bionmass (also called
crop density or fractional cover), the relative anounts of
soil and green vegetation wthin view of the sensor, is
measured by a downwar d-| ooki ng sensor (specification, pp. 3-4;
Denetri ades- Shah, p. 1049). The clains only require a sensor
that measures a characteristic (claim1) or a physical
characteristic (clains 3 and 9) of the crop. Denetriades-Shah
descri bes a conparison between radi oneter sensors that are
oriented | ooking vertically down and that are oriented at an
obl i que angle (p. 1050) and, thus, teaches both kinds of
measurenent. Each type of orientation is good for a certain

purpose. A reference nust be evaluated for all it fairly

- 14 -
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suggests to one of ordinary skill in the art. [In re Boe,

355 F.2d 961, 965, 148 USPQ 507, 510 (CCPA 1966);

In re Lenel son, 397 F.2d 1006, 1009, 158 USPQ 275, 277 (CCPA
1968) (the use of patents as references is not limted to what
t he patentees describe as their own invention or to the
problenms with which they are concerned). Appellants' argunent
that the nmeasurenment system of Denetriades-Shah is not
indicative of the current systemis not comnmensurate in scope
with the clai mlanguage.

It is argued that Peterson teaches a hand neasuri ng
devi ce whi ch cannot perform a continuous on-1ine nmeasurenent
(Br15) and Peterson's | eaf-by-Ieaf neasurenment has no utility
to the invention (Br16).

It is true that the chlorophyll nmeter of Peterson is not
suited to a real-tinme system However, Denetriades-Shah is
relied on for a suitable sensor. Again, one cannot show
nonobvi ousness by attacking the references individually where
the rejection is based on a conbination of references.

Keller, 642 F.2d at 426, 208 USPQ at 882. It is noted that
Pet erson expressly suggests that the chlorophyll (nitrogen)

measur enent coul d be done by renpte sensing instead of a

- 15 -



Appeal No. 1999-1101
Appl i cation 08/727,125

hand- hel d nmeter (under "The chl orophyll neter as an N
managenment tool ").
We concl ude that Appellants have not denonstrated error

inthe prima facie case of obviousness. The rejection of

claim1l is sustained.

Clains 17-21

Claim 17 depends on claim1l and recites that the sensed
characteristic is electronmagnetic radiation affected by the
crop. Appellants argue that the limtation defines a further
invention (Brl7). However, Denetriades-Shah discl oses sensing
el ectromagnetic radiation affected by the crop and this
t eachi ng has not been addressed by Appellants. It is also
noted that Peterson discloses that renpbte sensing by satellite
or aircraft could be used to determ ne nitrogen content, which
inplies sensing el ectromagnetic radiation affected by the
crop. The rejection of claim17 is sustained.

Cl aim 18 depends on claim 1l and recites that the step of
determ ning the physical attribute includes the substep of
conparing the sensed characteristic with a reference val ue.
Appel l ants argue that while Peterson discloses the use of a
reference crop, it does not teach any nechani sm by which

- 16 -
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novi ng neasuring devices can sense both a reference crop and
the crop that is to be determ ned sinultaneously (Brl7).
Pet erson teaches conparing readings froma bulk field with a
reference strip (under "Establishing Reference Strips") and
t hat readi ngs should be taken fromthe reference strip and the
bulk field at about the sanme tinme because readi ngs may vary
with time of day (under "How to sanple”), which suggests
conparing reference and non-reference readi ngs taken nore or
| ess sinultaneously. One of ordinary skill in the art would
have been notivated to provide for sinultaneous neasurenent of
reference and non-reference in inplenenting a real-tine
system However, it is noted that neither claim 18 nor any of
the other clains require simultaneous sensing of a reference
and a non-reference value: the value of the reference crop
coul d be nmeasured and stored for conparison and use during the
time the non-reference crop is being neasured. The rejection
of claim 18 is sustai ned.

Cl aim 19 depends on claim 18 and recites that the
ref erence val ue changes in accordance with a changi ng standard
for a crop. Appellants argue that this allows different

envi ronnmental conditions or grow ng stages of the crop to be

- 17 -
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taken into consideration, but do not address the teachings of
the references (Brl7). Peterson discloses that the neasured
val ue of chlorophyll (and, hence, the anmount of nitrogen in
the plant) for an adequately fertilized crop in the reference
strips (the standard for a crop) changes in response to crop
and environnental conditions which is the reason for reference
strips to calibrate the bulk field readi ngs (paragraph above
"Field Use of the Chlorophyll Meter" and under "Establishing
Ref erence Strips"). Thus, Peterson teaches that the reference
val ue changes in accordance with a changing standard for the
crop. The rejection of claim19 is sustained.

Cl aim 20 depends on claim 19 and recites that the
changi ng standard is el ectromagnetic radiation affected by a
reference crop in the sane stage of growh. Appellants argue
that this requires that el ectromagnetic radiation nust be
affected by different stages of growth, but do not address the
teachings of the references (Brl7). Peterson discloses that
t he anobunt of neasured chl orophyl!l (hence, the anmount of
nitrogen in the plant) is affected by environnmental conditions
and di scl oses the use of reference strips of crops in the sane

stage of growth as a changing standard for chl orophyll

- 18 -
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measurenent. One of ordinary skill in the art would have been
notivated to nmeasure el ectromagnetic radiation to renotely
sense the amount of chlorophyll in view of Denetriades- Shah.
The rejection of claim20 is sustained.

Claim 21 depends on claim 19 and recites that the
changi ng standard i ncludes a changi ng background refl ection.
Appel l ants argue that there is no contenplation in the
references in dealing with the difficulty of background
reflections which are strong and di sturbing in making the
measurenents (Brl18). W do not find any disclosure in the
speci fication about what is nmeant by "a changi ng background
reflection.” |[|f background reflection is intended to refer to
soil reflection, which changes as the crop biomass (fractional
cover) increases, then Denetriades-Shah di scl oses that
vertical ly downward-| ooki ng neasurenents can be used to
provi de a good correl ati on between crop grow h and chl or ophyl |
per unit ground area (pp. 1051, 1055). Denetri ades- Shah
teaches that either a vertically downward-| ooking or oblique-
| ooki ng sensor can be used; each provides correlation to a
different characteristics of the crop. In any case, since

"the changi ng standard includes a changi ng background

- 19 -
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reflection" appears to be a property of the crop, the
reference crop in Peterson inherently has this property. The

rejection of claim?2l is sustained.

Clains 3, 7. 9, and 13

| ndependent method claim 3 recites a crop having a
non-reference area and a reference area, neasuring the
physi cal characteristics of the reference crop and
non-reference crop, and controlling fertilizer application in
real tine based on a conparison of the reference and
non-reference crop physical characteristics. |ndependent
apparatus claim9 contains correspondi ng neans-pl us-function
[imtations. Thus, clainms 3 and 9 differ fromclaim1l in
requiring the conparison of physical characteristics of a
reference crop.

Appel lants rely on the sanme argunents as nmade with
respect to claiml1 (Br18). W refer to our discussion of
claim1l for a response to these argunents. Appellants do not
argue the reference crop limtations. Neverthel ess, Peterson
expressly discloses that the need for additional nitrogen
shoul d be determ ned by conparing readings of reference strips
of crop and non-reference areas of the crop (the bulk field)

- 20 -
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because the standard chl orophyl| readi ngs (hence, the anpunt
of nitrogen in the plant) are affected by many factors. One
of ordinary skill in the art would have been notivated by
Peterson to use reference areas of crop to calibrate the
sensors regardl ess of the type of sensor. It is noted that
claims 3 and 9 do not require that the physical
characteristics of the reference crop and the non-reference
crop be determ ned sinultaneously. The physi cal
characteristic of the reference crop could be neasured and
stored and then used for conparison during neasurenent of the
physi cal characteristics of the non-reference crop (the bul k
field). The rejection of clains 3 and 9 is sustai ned.

As to claim 7, Appellants nerely repeat the limtations
of the claim This is not an argunent. See 37 CFR
§ 1.192(c)(7). In any case, however, Monson expressly teaches
t hat the sensor can be secured to a tractor drawn real -tine
fertilizer application system One of ordinary skill in the
art seeking to use an el ectromagnetic sensor as taught by
Denetri ades-Shah in a real-tinme fertilization systemwould
have been notivated to nount the sensor on a tractor in view

of Monson. Claim 13 is the apparatus counterpart of claim?7

- 21 -
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and woul d have been obvious for the sane reason. The

rejection of clains 7 and 13 is sustai ned.

Clains 2, 4, 6, 10, and 12

Clainms 2, 4, and 10 recite neasuring by passing the
sensor over the crop by securenent to a center pivot
irrigation system Claim4 also recites that the fertilizer
application is by fertigation.

Appel l ants argue that claim2 depends fromclaim1 and is
patentable for the sanme reasons as claim1 (Brl19), that
claim4 depends fromclaim3 and is patentable for the sane
reasons as claim3 (Br20), and that claim 10 depends from
claim9 and is patentable for the sane reasons as claim?9
(Br21). We disagree that clains 1, 3, and 9 are patentable
for the reasons stated in the discussion of those clains.

Appel l ants argue that it would have been unobvious to
conbi ne Wl fe with Monson and Denetri ades- Shah since Wl fe
senses only noisture in soil and does not relate to sensing a
characteristic that reflects the attribute of a plant (Br19).
Moreover, it is argued, Wl fe senses the soil in only one
| ocati on and coul d not accommobdate variation of the needs of
the crop fromlocation to location (Br20). It is argued that

- 22 -
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Peterson with its hand-held neter does not cure the problem
and Denetri ades- Shah teaches away froma sol ution (Br20).
Monson teaches securenent of the neasurenent sensor to
the noving irrigation device, a tractor in Mnson's case, to
provide a real-time irrigation system Mnifestly, for a
real -tinme fertilization system such as Mnson, it is
necessary for the sensor to travel along with the
fertilization neans so that the fertilizer can be applied
based on the neasured characteristic. Mnson wuld have
suggested to one of ordinary skill in the art to secure the
sensor to the fertilization nmeans in any real-tine
fertilization system Wlfe teaches a center pivot irrigation
system whi ch could be used for fertilization (fertigation) and
we agree with the Exam ner that it would have been obvious to
attach a measurenent sensor to such a system In addition
however, Peterson discloses applying nitrogen fertilizer
through the irrigation system (fertigation) which is generally
limted to center pivot or |ateral nove sprinkler systens
(second page, first para.). Peterson discloses fertilization
based on the physical characteristics of the plant and

suggests the use of renote sensing instead of a hand-held

- 23 -
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neter. W conclude that it woul d have been obvious to one of
ordinary skill in the art to secure sensors to any nechani sm
for dispensing fertilizer in view of the real-tinme systemin
Monson and, in particular, it would have been obvious to
secure the sensor to a center pivot fertigation system because
Pet erson teaches that the center pivot systemwas a well known
mechani sm for dispensing fertilizer. Further, in our opinion,
one of ordinary skill in the art would have had sufficient
knowl edge to extend Peterson's suggestion of "renpte sensing
by satellite or airplane"” (under "The chlorophyll neter as an
N nmanagenent tool") to sensors nounted on high-cl earance
ground equi pnent, such as center pivot fertigation systens.
The rejection of clains 2, 4, and 10 is sustai ned.

Claims 6 and 12 recite that the sensor neasures the |ight
refl ectances fromthe crop. Denetriades-Shah teaches this

[imtation. The rejection of clains 6 and 12 i s sustai ned.
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CONCLUSI ON

The rejections of clainms 1-4, 6, 7, 9, 10, 12, 13, and
17-21 are sustai ned.
No tinme period for taking any subsequent action in

connection with this appeal may be extended under 37 CFR

8§ 1.136(a).
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